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Characterizing the oligomerization, su-
pramolecular assembly, and structure-
function relationship of membrane
proteins in their native environment
builds an immediate need to answer
many pertinent questions in modern
molecular and cell biology and partic-
ularly in drug research. Although of all
the proteins encoded by the human
genome only30% are membrane pro-
teins, they constitute .50% of all drug
targets. This is because membrane pro-
teins are virtually involved in stimulat-
ing and controlling every process of life.
In this issue Milhiet and co-workers
report a new and simple strategy to ob-
serve native membrane proteins recon-
stituted into supported lipid bilayers.
Firstly, a lipid bilayer was deposited
onto a supporting mica surface. The
self-healing property of supported lipid
membranes minimizes defects and
ensures an almost complete coverage
of the support. After this, the supported
bilayer was destabilized using a sugar-
based detergent and solubilized mem-
brane proteins were added to the solution.
Depending on the incubation parame-
ters, the membrane proteins were
inserted into the lipidic bilayer. The
membrane proteins were then ready to
be imaged using high-resolution atomic
force microscopy (AFM). AFM topo-
graphs revealed the supramolecular
assembly of light harvesting complexes
and reaction centers from three differ-
ent organisms. The spatial resolution
of these topographs was sufﬁcient to
resolve the unidirectional orientation
and stoichiometry of individual trans-
membrane proteins. The preparation
method only requires picomolar amounts
of proteins and is thus applicable to
membrane proteins that cannot be ex-
pressed at levels required for other
structural studies such as x-ray crystal-
lography, electron crystallography, or
NMR. The approach is particularly
suitable to characterize how different
lipid compositions inﬂuence the for-
mation of supramolecular membrane
protein assemblies. Such insights con-
tribute to a detailed understanding of
protein-lipid interactions. Similarly a
systematic study on how environmental
conditions change supramolecularmem-
brane protein assemblies can be per-
formed. Being of further importance to
many biologists, the setup enables one
to characterize the structure-function
relationship of membrane proteins em-
bedded into their native environment,
the membrane. Several examples of
AFM investigations providing such
insights have been demonstrated on
membrane proteins that have been ﬁrst
reconstituted and then adsorbed onto a
supporting surface (1). The simple prep-
aration method of Milhiet et al. makes
characterizing these relationships eas-
ier, and it may be speculated that this
approach will open a fast track toward
investigating membrane proteins by
AFM routinely. In the future this ap-
proach may be applied to characterize
membrane proteins of bilayers sup-
ported by different surfaces such as
those used for many biotechnological
applications.
However, several bottlenecks must
be encountered and overcome to reach
these goals. It remains to be demon-
strated that the method is applicable to
membrane proteins other than the ones
investigated by Milhiet et al. The
success of this method for other mem-
brane proteins may be expected since
many laboratories already established
procedures to reconstitute membrane
proteins into bilayer systems. The chal-
lenge, though, would be to transfer and
to apply this knowledge to supported
lipid membranes. A major break-
through would be to demonstrate that
membrane proteins can be inserted into
planar lipid membranes supported by
other surfaces. Usually the separation
of a membrane adsorbed onto a hydro-
philic support ranges between 0.5 and
2 nm. Water molecules bridging this
gap certainly have different properties
compared to water in the bulk solution.
The water structure is highly disturbed
and its mobility signiﬁcantly reduced.
At the same time lipid molecules and
membrane proteins establish nonnative
and nonspeciﬁc interactions with the
support (2). In case of mica these in-
teractions are very weak. Nevertheless,
they restrict the lateral mobility ofmem-
brane proteins. As a result, membrane
proteins exhibiting large anchors or
aqueous domains show signiﬁcantly
impaired behavior in supported bilay-
ers. Depending on their chemical and
physical surface properties, other sup-
ports can establish much stronger in-
teractions with membrane proteins and
lipid bilayer. There have been very few
careful studies on the functional con-
sequences of these interactions, but as
we know from other studies on native
membranes such interactions can en-
hance or even impair the membrane
protein function (3,4). To suppress non-
speciﬁc and nonnative interactions of
membrane proteins and lipids with the
support has led to the idea of spatially
separating both from the supporting
surface (2). The ﬁnal goal would be to
show that the supported membrane bi-
layer has functional properties similar
to that of the cell surface.
Polymer supported membranes are
prepared by adsorbing a phospholipid
bilayer onto a polymer cushion cover-
ing the support. This polymer cushion
serves as a lubricating layer between the
membrane and the support. It assists
self-healing of local defects in the mem-
brane, allows the insertion of even large
transmembrane proteins, and eliminates
unspeciﬁc interactions with the support.
Submitted July 20, 2006, and accepted for pub-
lication July 24, 2006.
Address reprint requests to Daniel J. Muller,
E-mail: mueller@biotec.tu-dresden.de.
 2006 by the Biophysical Society
0006-3495/06/11/3133/02 $2.00 doi: 10.1529/biophysj.106.092999
Biophysical Journal Volume 91 November 2006 3133–3134 3133
However, instead of using a nonbio-
logical polymer, components of the
extracellular matrix may be used as a
cushion. In this case the environment of
the membrane would be the native one.
An alternative strategy would be to
separate the lipid bilayer and the sup-
port by replacing the headgroups of
some lipids using lipopolymer tethers.
Lipopolymer and protein tethers act as
spacers typically ranging between 10
and 100 nm, thus controlling the dis-
tance between the membrane and the
support. By adjusting the spacer length
this distance can be controlled, whereas
the spacer density would control the
lateral mobility of lipids and membrane
proteins.
Milhiet and co-workers have con-
tributed an exciting work toward re-
constituting membrane proteins into
supported planar bilayers and for their
characterization using AFM. This ap-
proach may open a new and easily
accessible avenue to characterize the
structure and function relationship of
membrane proteins. The ultimate goal,
however, will be to further develop this
approach to be able to reconstitute any
given membrane protein into a lipid
bilayer supported by a carrier mimick-
ing the native environment of a cell
membrane. Then the power of AFM for
resolving the structure and function
relationship of membrane proteins can
be fully exploited, tackling an almost
uncountable number of pertinent ques-
tions in cell biology, biophysics, bio-
technology, and pharmacology.
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